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TECHNICAL NOTE NO. 1205

DATA ON OPTIIMUM LERGTH, SHEAR STRENGTH, AND TENSILE
STRENGTH OF AGE-EARDENED 17S-T MACHINE -COUNTERSURK
RIVETS IN 755-T SHEET

By Evan H. Schuette and Donald F. Niles
SUMMARY

A serles of temsile-strength and shear-strength tests were made
on age-hardened 17S-T rivets machine-countersunk in 755-T sheet. The
riveted Jolints were constructed by the NACA reverse-driving umethod
of countersunk riveting; the angle of countersink was 60° aend the
depth of countersink was half the rivet dlemeter or 1.25 times the

sheet thickness, whichever was less. The results of the tests indicated

that such Joints can Pe made satisfactorily with regerd to both
flushness and strength, if the ratio of dbuck (the length of rivet-

protruding beyond the surface of tho countersunk sheet before driving)

to diameter of the rivet is kept betwesn 0.9 and 1.5. Curves are
rresented glving the rivet strength in terms of the single-sheet
thickness for Joints in which these limits have been observed.

TNTRODUCTION

The use of 17S-T rivets in the age-hardensd condlition has
usually been avolded in the past because such rivets are harder to
drive then emnnealed rivets. With the introduction of higher-strength
structurel alloys, howsver, use of stronger rivets haa become
desirable for develoning the full potential strength of & structurs,
and age-hardened rivete have in scme cases been used.

In order to provide date on the strength of age-hardened o
17S-T rivets (sometimes designated 17S-TA rivets) and also to study
the optimum length of rivet for Joining sheets of given thickness by
the NACA reverse-driving method of countersunk riveting, & series

of shear-strength end tensile-strength teasts were mede on 17S-TA rivets B

in 755-T sluminum-alloy sheet.

For ccmpletensss, this report includes full details of test
speclmens, test procedurs, and date obtained. If, however, the

reoader does not wish to concern himself with these details, he is
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referred directly to figure 3 which shows the procedure for driving
the rivets, to figure 19 vhich summarizes the significant results,
and to the Conclusions.

agsewbled with one 17S5~TA rivet, as shown in figure 1.

TEST SPECIMENS

The specimens used in the tensile-strength teste consisted
of two shcets of 755-T aluminum alloy of eoqual nominel thicknesses

The sheaxr

gpocimens conslsted of two sheets of 758-T aluminum allcy of uvqual
nomlnal thicknesses assembled into a lap Joint by two 17S-TA rivets

as shown in filgure 2.

of ilunserting a round-head rivet into the uncountersunk end of the

The NACA flush-riveting procedure (swve fig. 3) was used in
the preparation of the spocimens.
procedure is glven in reference 1.

A complete discussion of this

Briefly, the method consists

hcle and upsetting the end of the shenk into the countersink.
oxcess materlal 4e milled off with a flush-rivet milling tool similar

to—the one shown in filgure 20 of refursnco 1.

Present program wore squeszed hydrsulically.

times the sheet thickness, whichever was loss.

The

All rivets in the

The depth of countersink wes helf the rivet diamoter or 1.25.

The angle of—

countersink was 60° and the veluse of the variables for which tests

were made ars glven in the following table.
specimons were tested for each combination of variables for which

an "x" appears.

Shear and tensile

Rivet Sheet thicknoess
diem=-|{Rivet (in.)
atar |lengthi-— . . -
(in.)| (in.)|0.020/0.032|0.0k40| 0.051] 0.064 0.081 0.091] 0.102| 0.125/0.156,
/841 1/4 i x x x x x
5/16 x x x| x x
5/32] 1/L x X x x x x
5/16| x x x x | ox X x
3/8 X X X X X X X x
7/16 1z x x x X x x
1/2 X X x X x x x x x
3/16f /4 | x x x x x
5/161 x x x X x
3/8 x x X X x x x x
7/16{ x X, x X x x x x
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TEST PRCCETURE - —

The test procedure for the tensile specimens was the same &8
thet described In refersuce 2. The specimens were mounted in the
fixtures which are shovn in figvre 4. The small rods on each of
the fixtures pass through the noles in one of the sheets of the
specimen and beer sgainst the other sheet. When load is applied,
the rods push the sheets &part and thus subjJect the rivet to tensile
load. These specimens wcre loaded ab the rate of 400 pounds per
minute until failure, and the meximum loed was recorded.

The test procedure for the shear specimens was essentially the
sene as that described in reforence 3. Loads were applied through
Tenplin grips. The slip of onc sheet with respect to the other was
meagurcd at the edges of the sheets opposite the riveted Joint by
means of two optical micrometers, one on each side of the specimen,
as shown in figure 5. The specimens wore subjected to saltermeate _
applicatlan and release of load; the load, howsver, was never released
below a "zero" velue of 50 pounds. The permanent slip that remained
after each application of load was recorded, as was &lso the load
causing fallurs.

All tests wers conductsd in the 100,000 ~pound-capacity testing
machine in the Langley structures rosecarch léboratory. The loads
indicated by this machine ars within one-helf of one percent of the
true loads. The sensitivity of the optical milcrometers used for
reading slip is approximstely 0.0002 inch.

Prior to running eny test, the specimen was examlined and an
appraisel was made, baesed on the appearance of the countersunk
head, as to wheother the rivet had been too long, too short or
satisfaotory for producing & good flush surfece. . ' S

RESULTS AND DISCUSSION

Results of the tests are given in tables 1 tc 3. The LT =
yield load in these tebles is arbitrarily defined as the shesr load
por rivet required to procduce a permanent slip equal. to 4 percent
of the rivet diameter; this definition of yield lced is the seme
as that used in reference 1. The three types of fallure indicated
In the tables are illuastrated by figures & to 8. In order to
show the genecral tightnoss characteristics of the rivets, load-slip
curves for all the shear specimens are given in figures 9 to 11.
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The test results are also presented graphically in figures 12
to 1k, in which loads in shear and in tension are plotted aegalnst
ihe singls-sheet thickness for each rivet dismeter and length.

In order to avold unnecesssry confusion of the test points, only
en everage value of yield load 1s plotted for each sheetl thickness.
The curves for maximum load sare shown as solld llines cover the
range for which the appreisal before testing indioated that the
rivet length was satisfactory.

If a rivet 18 too short, it doss not provide snouszh material to
T1ill the countersunk cevity; if a rivet is ftoo long, it tends to
buckle to one side in driving and leaves an unfilled space on the
opposilite side of the countersunk cavity. In oither case the resulting
rivet is not pegrfectly flush. The regquiremont of flushness consequently
sets limits on the rangs of sheet thickness over which a glven rivet
longth should bo used. A minimum which these limits may assume is
indicated by the extent of the golid lines in figures 12 to 14.
Those solid lines for esach rivet length are replotted in figures 15
to 17, which show that the appraisal made on tho basis of flushness
was evidently sufficlent to eliminate any rivelt the strength of which
waa abnormally low in comparison with the main trends of the results.
The solld lines thersfore denote a range within which the rivets
are satlsfactory wilth regard to both fiushness and strength. These
ranges are shown in figure 18 as horizontal linvs for esch rivet
diemetor and length (where tension end shear specimons indicate
differsnt ranges, the smaller range was used). Grip length (double-
sheet thickness) is usod for the sbmcissa in figure 18 rather then
sheet thickness to facilitate saey culculation of buck (rivet length
minus grip length).

A study of the data indicated that the limits for obtaining
satisfactory rivets corresponded rouzhly to constent ratios of buck
to dlameter of the rivet. The limliting buck-to-dismeter ratios
were found to be epproximately 0.9 and 1.5 for ell the dlameters.
In selecting the limits, it wos taken into consideration that the
horizontel lines in figure 18 reprssent only minimum ranges that—
could prcbably be extended in several ceses if additional test
data were availabis.

In order to show the shear and tensile strengthe that-are
achleved with 17S-TA rivets in 75S-T sheet when the buck-to-dismeter
ratio 1s within the limits gilven, a esinglec curve was feired through
cech of the composite curves of figwres 15 to 17, end the
single curves are plothted in figurs 19. Avercge curves fox the
yield load in sheer are also shown. Figure 19 indicates that, with
a buck-to-diemetor ratio in the given optimum rengo, the shear Joints
were romarkebly tigut, es the yleld losd 1s in no case substantially
less than 90 vercent of the failing load.

~
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CONCIL.USIONS | Col

Tensile-strength and shear-strength tests were made on riveted
Jointes constructed by the NACA reverse-driving method of countersunk
riveting with age-hardened 17S-T rivete (scmetimes designated
17S-TA rivets) in 75S-T shoet; the angle of countersink was 60° and
the devpth of countersink was half the rivet dlameter or 1.25 timoes
the sheet thickness, whichever was less. The rosults of the tests
indicated that such Joints can be madse satisfactorily in regerd to
both flushness end strength if the ratio of buck (the length of
rivet protruding beyond the surface of the countersunk sheet before
driving) to diamoter of tho rivet is kept betwsen 0.9 and 1.5.
Curves ere presented giving the rivet strength in terms of the
single-sheet thickness for Joints in which theseo limits have bean

obaerved.

Langley Memcrial Aeronautical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va., October 18, 19u6
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TEST RESULTS FOR AGE-HARTENED 17S-T RIVETS MACHINE-COUNTERSUNK IN 75S-T SEEET.

TABLE 1

RIVET DIAMETER, 1/8 INCH.

Tension Shesar
Sheet Appraisal | Type of -| Maximm Appraieel Type of Yield Meximm
thickness before failure load before failure load load
test per rivet test per rivet per rivet
(1n.) (2) (1p) (2) (1p) (1v)
Rivet length, 1/h in.

0.020 ||satisfactory 1 160 Satisfactory 1 240 2Lo
.020 ~ee=edo===-- 1 140 —-m=sdg==m== 1 220 230
.020 --==-do=->-= 1 105 |} ==--- do=--=== 1 230 230
.020 ==-medgo=-=== 1 215 215
.032 ~e-=-do=---~ 1 205 mmmmedo-=--= 1,2 38 4oo
032 —=~=-do====-=- 1 200 ==r=~gom-m-— 1,2,3 koo k35
032  ||----- do===~== 1 230 || ~---- do====-= 1,2 315 395
.032 s-e--do=~=-=- 1 235
.0k0 s T RO 1,2 205 =ve=-o=-==== 3 L& 1485
-0ko --=--do----= 1,2 205 -----do----- 3 435 k50
.00 ~emwedoe---= 1,2 325
051 ~~-m=do====~ 1,2 520 m==e=do=>-== 3 370 s
051 || ---- dp===== 1,2 3% || e==-- do===== 3 Ego ﬁg
-051 ~===-do----- 3,2 375 mem=—do--==- 3 o
064 ~=es=do=-=n= 2 6us et Rt 3 450 555

© .06k ---==do=~=-= 1,2 610 -=m=-do=-==== 3 :élg 510
.06k -==--do--—=~ 2 smeemdo-==== 3 570

i
Rivet length, 5/16 in. — =

0.051 Satisfectory 2 330 Satisfactory 3 565 600
051 ~e===do=====~ e 370 ====-do-==== 3 505 . 505
051 || eem-- do=-=--- 2 370 e 3 kes k70
08k emee- ———- 2 620 e PEL L 3 555 570
.06k mmemedpmeme= 3 515 555
081 m==c=do--=-- 3 gg “ ----- do===== 3 610 6ko
081 meeesdgeeans 2 | 80 || =ee-- do===== 3 ks 590
081 ~ecocdo=mn== 2 840 ~mmecdo=ea== 3 510 =60
091 -====do=-==~- 2 975 mmmeedgem——- 3 590 640
091 -mm=-do====- 2 80 . mwem=dgm=n—= 3 580 550
o1 ] meme- do===== 3 510 550
102 eomemdo=---=~ 2 900 || m===- do===== 3 615 630
102 =====do===== 2 950 swmemdgeman- 3 515 €00
.102 ! et 3 950 || ===== do==-== 3 650 660

. ®Fatlure types identified in figs. 6 to 8.

RATIONAL ADVISORY

COMMITTEE FOR AFRORAUTICS
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TABLE 2 . -

. TEST RESULTS FOR ACE-HARTENED 175-T RIVETS MACHINE-COUNTERSUNK IN 738-T SEEET.
RIVET DIAMETER, 5/32 INCH. )

Tension Sheax
&51‘“*' Appreisel |Type of | Maximm Appraisal  |Type of Yield Maximm
1ckness before failuve load ‘before failure 1load load
test per rivet test per rivet | per rivet
(n.) (a) (1) (a) (1) (1)
Rivet length, 1/h4 in.

0.020 Satisfactory | 1 1% Satlefactory| 1 270 270
020 mem=sdoum~n= ‘11 9% Lt -ty 1 290 290
020 cosmnfpesms=| 1 130 acmesgomesma]l L 310 310
032 memeego====~| 1 230 muwme-goe=e=| 1,2 470
'032 L e 1 225 PR, LT L 1’2 u55 h55
032 ccumndgeman 1 285 ananedpennen 1,2 470 70

. Oho mceamipeneas 1 "5 - mm———d e ——- e Eg 765
0L0 memenfpEanee 1 350 ammnedQemenn 2 700
040 2 400 mmeenigamnn- 2 740 70
051 1,2 11\:70 m—eedom===e| 3 70143 &0
051 1,2 %0 memendoennn 3
051 1,2 510 wummmdoeae=- 3 Z:.o Eg
06k 2 mus=mngpoen===| 3 780 85
06k 1,2 645 cmmundpmam== 3 685 0
06k 1,2 ™5 =mmemdge=meesf 3 910 920
06k -]

102 2 1550 ghort 3, 20 80
102 e 1190 =A== 3 700 &0
102 2 1085 ~do-~ 3 Tho 83
2102 2 185

Rivet length, 5/16 in.

0.020 Long 1 200 Satisfactory 1 eho 2o
.020 Satisfactory | 1 128 memeedpeen== 1 260 260
.020 Long 1 1 ~emm=dgm==== 1 2% 250
032 Satisfactory | 1 265 meamadp==n== 1 390 koo
032 eemnedpman== 1 240 =e=medo-=mn- 1 38 koo
03 mmmewdomem== | 1 £05 mmmmedpmmane 1 355 k10
051 1 koo =-==-do==--" 3 135 &%
051 1 420 P LR 3 Ths 8o
051 1 480 memundgemn-= 3 740 800
06k 2 &8 m=m-=gon-=n- 3 960 1000
064 2 680 =m===dQ-===" 3 5 80
06k 1,2 720 =me=o=====} 3 30 900
064 1,2 T20
081 2 985 m—m—ago==rne 3 & 810
081 1,2 1110 weeemdoemun- 3 30 80
081 1,2 1015 memesipenmen 3 &5 850
o 2 2140 memmmtp==n= 3 88 905
-091 2 1205 cememdp=mmn= 3 &eo B8
-091 2 127 f---e- do=---== 3 ™ &0
285 short 2 1375 Shart 3 8
125 -do-- 2 1120 ~do-- 3 230 7
125 —do-- 2 1325 sdo-= 1) ycg

a .
Fuilure types identified in figs. 6 to 8. ) ) ' -

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

A
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TABLE 2- Continued.

TRST RESULTS. RIVET IIAMEIER, /32 INCE.- Gontinusd.

Tension Shear
Sheet Appreisal Type of Maxizmmm Appraisal |Type of | Yield Maximm
thickness || pagare failure load befors |fatlure load locad
test per rivet tont per rivet per rivet
(in.) (a) (1p) (a) (1v) (1)
Rivet length, 3/8 in.

0.020 Satiafactory 1 100 Long 1 28 28 °
020 Long 1 120 -do~ 1 215 220
.020 Satisfactory 1 100 ~do~ 1 230 230
.020 ~do=- 1 225 225
.032 1,2 210 Batisfactory] 1 48
.032 iy 215 1 380 oo
032 1 210 -do- 1 25 350
051 1,2 520 Satiefactory] 3 7% 850
051 1,2 525 s====do=-v=q 3 780 &o
031 1,2 ‘*85 mevmado=ee=s 3 7& 655
06k e &0 me=medgmme= 3 70 8450
064 e T00 Bt Rty 3 35 &5
.06k 2 0 T 3 730 &0
081 =mcemdgmmee= -] ng ===mio=e==- 3 905
.08L mecmedgmee=~ 2 10 mmemmdg=meed 3 g‘; s
.0 mmcemdgmeee= 2 1085 wmeemgoe=-=- 3 8% 930
102 mmemafpmevee 2 1545 m=e--dg-===4 3 20 950
102 me=umdge-wn- 3 J.Eoo —emmeig==~=-] 3 &5 900
102 c===dg=-we= 2 k50 ===--dg=-=-=- 3 &0 sko
-102 ===--do=~~-7 3 &70 9%
-125 Shert 2 153% cemaafgen=-] 3 85 80
2125 ~~do- 2 14%0 short 3 865 &5
125 Batisfactory -] 130% ~=d0= 3 a5 8
156 Short 2 10%0 ~=do~- 3 T20 845
156 --do~ 2 915 S 3 50 &0
156 ==do- 2 -=do= 3 ™0 850
156 ~-do~ 3 735 &0

Rivet length, 7/16 in T

0.050 Leng 1 360 Long 1 320 530
0ho =do~ 1 540 -do- 1 195 s
«0ko =~do= 1 k15 2o~ 1 330 530
064 -3o- 1 48 -do- 3 00 915
<06k -do~ 1 650 -do= 3 600 &0
. -do- 1 ¥70 ~do- 3 T80 8%
.Ogl Satisfactory 1,2 1615 -do- 3 7% &5 ~
.081 Long 1 -do~ 3 75 900
081 ~do= 1 s 3o 3 68 850
091 Satisfactory 2 1403 satisfectory 3 &o &0
091 wommmigme—-- 2 1225 ——=eedg~e=--- 3 780 8%
091 wmemedgem-—= 2 1125 ~===do==== 3 20 8s0
102 P - B e 2 1600 wmesedg=w==aq 3 810 80
2102 memenigeme—- 1,2 1218 semcedgme==q 3 275 §00
102 ~mmemfgee——~ 2 1 =meeodge=a=q 3 3% 925
125 R P 3 1460 emmmedom=-n{ 3 %20 520
.125 mmeesdoummen 3 ﬁg ~e=medgm===d 3 860 930
128 cmmeedgme—e~ 2 =memedgo====q 3 &0 80
156 Short 3 1510 Short 3 25 960
156 Batigfactary 3 1ks0 ~=do= 3 900 970
156 Short 3 1510 ==do- 3 915 970

®Fatlure types identified In fige. § to 8.

NATIONAL ADVISORY
COMMITTEE FOR ATRONAUTICS
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TABLE 2~ Concluded.
TEST RESULTS. RIVET DIAMETER, 5/32 INCH.- Conoluded.

Tension Shear
Bheet Appraisal Type of Maxintum Appreisal Type of Yield Maximum
thicknessll “perore failure load . before falluve load load
test per rivet test per rivet | per rivet
(in.) (=) (1) () (1) {1b)
Rivet length, 1/2 in.

0.020 Long 1 90 Long 1 hEL) 200
020 -d0~ 1 & ~do= 1 155 180
020 ~do= 1 75 ~do=- 1 105 145
032 sdo- 1 140 ~do~ 1 38 440
032 ~do= 1 125 ~do- 1 240 3%0
03 ~do~ 1 155 ~do~ 1 250 350
081 ~do= 1 205 ~do- 1,3 2 58
051 ~do= 1 100 ~do- 3 2 6%0
051 ~do- 1 260 “do= 3 300 600
064 ~do~ 1,2 305 ~do- 3 zg 720
06k “do- 1 00 -do- 3 2 =0
06k -do- 1 610 -do- 3 265 T20
081 ~do= 3 TI0 -do- 3 40 935
081 -do~ 1 950 ~do- 3 615 810
081 -do- 3 1170 ~3o- 3 540 50
091 setisfactory 2 1019 ~do- 3 650 810
091 Long 1 690 Satisfactory 3 6% Eso
091 ~do- 1 8% =memmdomen=n 3 740 15
.02 -do- 1 Long 3 815 &0
.102 -do~ 3 1390 Satisfactory 3 E 810
102 -do~ 1 - 1290 e 3 905
.125 Satisfactory 2 1810 j| e=w=e- do=mun= 3 810 815
225 ] memee do~=~=~ 2 o0 [ meeee dosunn~ 3 910 950
125 et LR 2 1365 me-emdovmeow 3 850 905
156 || =-==-do=-=-- 3 1525 m====do===~= 3 973 995
156 ~e==-dow=um= 3 1410 -===-do=-=--~= 3 950 960
156 [ ===ee do=-==~ 3 1385 “=-e=do==w== 3 9% 1000

*Failure types identified in figs. 6 to 8.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TEST RESULTS FOR ACE-EARTENED 17S-T RIVETS MACHINE -COUNTERSUNK IN 75S-T SHFET, .

TABIE 3

RIVET DIAMETER, 3/16 INCH.

Tension Shear
Sheet Appraisel Type of Meximum Appraisal Type of Yield Maximm
thiciness before failure load before feilure lo=d load
teat per rivet test por rivet per rivet
(in.) (=) _ | (w) (e) (1B) (1b)
Rivet length, 1/4 in.

0.020 Satisfactory 1 90 Satisfactory 1 270 270
-020 ====do--=== 1 145 =-==~do-===c 1 270 270
020} ~eees do=m=n- 1 180 m==m=do==--= 1 270 270
032 ~====do~==~- 1 28 ===e-dg--=e- 1,2 585 585
.032 ~m==edo=n=e- 1 240 ~m==mdg=-=a= 1 550 550
032 s===-do===-= 1 235 semm=dge=w== 1,2 550 550
051 —mme-dom==c- 1,2 500 s--=~do=-==- 1,2 980 . 9%
.051 -=-==fo~==c= 1 530 ses-edomma=a 1,2 1000 1025
051 ~=-=-do===u- 1 500 Setal ILECTE 1,2 910 955
081 Short 1 750
.ogi. ~do-- 1 agg Short ;"3 13';3 '112“??
0 -do=-~ 1 - :

.08L -do~-- 1 geo rao 3 1050 1150
102 -do-- 2 870 ~do== 3 T10 1070
102 ~do-~ 2 310 ~do-~ 2,3 kko 1050
.102 -do=-~ 2 760 -do=-- 3 8 1090
.102 ~do-- 3 7 1065
Rivet length, 5/16 in. -

0.020 Satisfactory 1 90 Satisfactory 1 270 270
.020 -===-do~=~— 1 165 mee--do=~=== 1 2l5 230
.020 e LR 1 160 ~---=do==-=- 1 300 300
032 ~~===dp-men- 1 250 ~---—do==e=e 1 540 540
032 s=memdo-mean 1 2ks m~=-=go==~=~ 1 360 390
032 “--==do==v-= 1 225 m=m=edo=m=n- 1 500 500
.0ko se==do=~se- 1 320 -=m=cfo==~an 1 690 T20
Rl VB | EEEE do=-~--= 1 300 RIS CRETE 1 T goho
NI | IERE do~=~== 1 300 ===-=do-~=~= 1 T 5
040 [f ==--- do====~ 1 390
051 =-=~-do===-=~ 1,2 700 1 900 98
051 e CEE T 1,2 L& 1,2 910 950
.051 ~===-do===-- 1,2 k70 1 935 1010
051 ~===~do=-~~-~ 1,2 %60
.06h ===--do====- 1,2 710 ===-do-=--- 3 10 1160
064 e CEE T 1,2 g.g m-eeedo=mnns 3 960 1060
.06k ===~=do=~=s~ 1,2 re=e-dgo==e=-~ 3 1170 1170
aFa.'Llure types identified in figs. 6 to 8.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE 3 - Concluded
TEST RESULTS. RIVET DIAMPIER, 3/16 INCE.- Concluded,

Tenaion Shear
Sheet Appreissl Type of Maximum Appraigal Type of Yield Meximm
thicknese before fatlure load before fallure load Joad
teat por rivet test per rivet yeor rivet
(in.) | (a) (1v) (e) (1p) (1b)
Rivet lemgth, 3/8 in.

0.020 Long 1 & || Lo 1 303
.020 ~do- 1 200 Ao~ 1 360
.020 Satisfactory 1 145 ~0- 1 35 3k
020 Long 1 8
03 Satisfactory 1 260 1 58 5%
.032 ~e—-fo—--- | 1,2 2%0 1 330 2%
032 Long 1 390 1 570 570
Ol || Satistaptory 1 348 1 70 790
.0ko R - et 1,2 405 1 55 750
0o memmgQ=mun- 1 375 1 760
051 || ===-=fo=~=== 2 550 1,2 933 1030
051 ~e==efpona==- 2 0 1 1015 043
051 mmemedgme——— 2 70 1,2 945 1030
064 ==-=~do-==--~ 2 &5 3 1075 140
06k ] ~memn do====~ 1,2 915 3 1100 1185
08k [} me--- do===== 1,2 ous 3 1035 145
o8 =e==~do-ene= 2 1070 3 1260 1345
of mem=sdo===-n 1,2 1220 3 s 1140
081 m===sig==rn 1,2 1175 3 125 1250
102 mm-uedomes=n 2 1740 3 1000 1115
202 || mee-- 3o====~ 2 1395 3 1220 1300
YIS PO 2 145 3 1180 1275
186 short 2 1fes 3 :LDEO 1275
2156 -~do- 2 12014:; 3 12! g 12
156 --d0- 2 1 3 12

Rivet length

0.020 Long 1 63 Leng 1 300 300
020 “Go~ 1 -d0- 1 300 300
020 -do-~ 1 155 ~do- b 310 30
032 -do~ 1 % 1 615 =]
032 -30~ 1 1us 1 585 610
032 ~do~ 1 250 L1 700 700
og: Batisfactory 2 835 ;.,2 1100 1200
Kel Long 1 17 3. 990 1100
.06t [lsetiatastery | 2 790 3’ 1060 1200
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®railure types identified in figs. 6 to 8.
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Figure I - Tensile specimen.
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Figure 2. - Shear specimen.
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Figure 3.- NACA flush-riveting procedurs.
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Figure 4. - Fixtures and specimen for ?rensile
tesfts.
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Figure 5.- Method of measuring slip In shear
. tesfts.
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Figure 6.- Type 1 failure; countersunk head pulls through sheet.
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Figure 7.- Type 2 failure; countersunk head shears off.
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Figure 8.-

Type 3 failure; rivet fails in shank,
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Figure 9.- Load-slip curves for age-hardened [7S-7 rivers machine-

countersunk in 755-T sheet. Rivet diameter, zinch.
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Figure 10. - Load-sljp curves for age-hardened 175-T rivets machine-
countersunk in 75S-T sheet Rivet diameter, 32 inch.
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Fig. 11 NACA TN No. 1205
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Figure [l. - Load-slip curves for age-kardened [75-T rivets machine-
countersunk in 75S5-T sheet Rivet diameter, 7451 inch.
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(a) River /9797‘/;, 4—/ inch.

Figure 12.- Test results for age-hardened [175-T rivets
machine -countersunk in 753-T sheet. Rivet
diemeter, & inch.
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(6) Rivet length, /%/'nch. :

Figure [3. -~"Continued.
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(c) Rivet length, g inch.
Figure /3.~ Continued.
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Figure 13.- Continved.
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Figure 14.-Test results for age-hardened [75-7 rivets
machine -countersunk in 75S8-T sheet. Rivet

 diameter, /% inch.
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(b) Rivet length, /%/'nch.
Figure /4.- Continued.
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(c) Rivet length, ginc/z T

Figure 14.-Continued.
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Figure 15.- Strength of age-hardened. /75-T rivets ma-

chine-countersunk in 755-7 sheet, with lengths

satistactory for flishness. Rivet diameter, 2 inch
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Figure /6.~ Stremgth of age-/zara’e/?éo’ /7S-T rivets ma-
chine-countersunk in 753-T sheet, with lengths
satistactory for-flushness. Kivet diameter; 3-% inch.
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Figure 17.-Strength of age-hardened 17S-T rivets ma-
chine -countersunk in 753-T sheet, with lengths

satisfactory for flushness. Rivet diameter, 7% inch.
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Grip length, in.

F, /gc’/re 18.- Limiting combinations of rivet length
ond grip length for age-hardened 175-7
rivets machine-countersunk in 765-T sheet.
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Figure 19 - Strength of age-hardened [75-7 rivets ma-" -

chine-courntersunk in 753-7 sheet, with a ratio
of buck to diameter in the optimum range,
between 08 and /5.




